abstract OBJECTIVE: To investigate whether early developmental intervention (EDI) can positively affect the trajectories of cognitive development among children from low-resource families.
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WHAT'S KNOWN ON THIS SUBJECT:
Studies have found a link between socioeconomic status and cognitive development. Research suggests that early interventions can improve cognitive development. However, studies have not examined whether early intervention can ameliorate the impact of low socioeconomic status on cognitive development.
WHAT THIS STUDY ADDS:
This study demonstrates that early intervention can alter trajectories of cognitive development among children from disadvantaged backgrounds. Children from low-resource families receiving the study intervention had 36-month Mental Development Index scores statistically indistinguishable from those of children from high-resource families.
by guest on March 17, 2016 Downloaded from Fewer family resources and lower socioeconomic status (SES) have been consistently linked with poorer child developmental outcomes, 1 particularly for cognitive development. Research in the United States and other higher-resource countries has shown that young children from lower SES families, for example, receive lower scores on measures of cognitive and language skills, 2-4 perform more poorly on intelligence tests, 5 exhibit diminished executive functioning, [6] [7] [8] are less likely to be ready for school, [9] [10] [11] and have poorer performance once they enter school. 12 This same socioeconomic differential in development has been found in low-to middle-resource countries as well. 13 For example, a study in Madagascar found significant variation in cognitive and language scores based on the mother's education and the family's wealth. 14 Similar socioeconomic gaps were found in Extended Ages and Stages Questionnaire scores for children in 4 low-to middle-resource countries (India, Indonesia, Peru, and Senegal), and these gaps increase during the first 2 years of life. 15 Children from lower SES backgrounds are also at greater risk for poorer birth outcomes that can adversely affect their developmental trajectories. Lower SES, as measured by either individual-or community-level indicators, has been linked with greater risk of low birth weight (eg, Parker et al 16 ; Zeka et al 17 ), which in turn has been linked to diminished cognitive ability. 18 Children in low-to middleresource countries are particularly at increased risk for poor birth outcomes. Of an estimated 2.9 million neonatal deaths occurring each year, 19 the vast majority (∼99%) occur in low-resource countries. 20 Early developmental intervention (EDI) can improve cognitive outcomes among socially or medically disadvantaged children (eg, Nahar et al 21 ; Nordhov et al 22 ; Wallander et al 23 ). It is estimated that >200 million children under age 5 years do not reach their developmental potential because of poverty, malnutrition, poor health, and unstimulating home environments; the majority of these children reside in South Asia and sub-Saharan Africa. 24, 25 Walker and colleagues 26 identified inadequate cognitive stimulation as 1 of 4 key risk factors for which there is an urgent need for intervention. In a literature review of EDI in developing countries, Baker-Henningham and Boo 27 found that 9 of 10 intervention studies with disadvantaged children reported significant improvements in mental development scores. These interventions generally included home visits in which the mother was shown activities to foster child development and improve motherchild interactions. The 1 study not finding a significant effect consisted primarily of group meetings with mothers. 27, 28 The Brain Research to Ameliorate Impaired Neurodevelopment Homebased Intervention Trial (BRAIN-HIT) used a randomized controlled trial (RCT) design and found that a home-based EDI program that initiated training shortly after birth to parents on age-appropriate child stimulation activities was successful at improving child cognitive and psychomotor development at 3 years of age, as measured by Bayley Scales of Infant DevelopmentSecond Edition (BSID-II), 29 among infants who survived birth asphyxia or had healthy births in 3 low-to middle-resource countries (India, Pakistan, and Zambia). 30, 31 The aim of the current study was to examine whether this early intervention could also ameliorate the developmental gap expected between children of low-versus high-resource families.
METHODS

Study Design
The BRAIN-HIT (registered at ClinicalTrials.gov: NCT00639184) was an RCT involving an EDI program among young children in rural communities marked by poverty in India, Pakistan, and Zambia. As detailed elsewhere, 23 
Study Populations
Infants with birth asphyxia unresponsive to stimulation, who received bag and mask ventilation for resuscitation at birth, were screened for enrollment. Birth asphyxia was defined as the inability to initiate or sustain spontaneous breathing at birth using the World Health Organization 32 definition. Exclusion criteria were (1) the infant's birth weight was <1500 g, (2) the infant's neurologic examination at 7 days was severely abnormal (grade III by criteria from Ellis et al 33 ) , (3) the mother was under 15 years of age, (4) the mother was unable/unwilling to participate, or (5) the mother was not planning to stay in the study communities for the following 3 years. In addition, infants who did not require any resuscitation and had normal neurologic exams at 7 days of age but otherwise met the same criteria as infants with birth asphyxia were randomly identified from the next 1 or 2 births after the infant with asphyxia, matched for country and chronological time, and enrolled into this trial
Participants
Among the 540 infants who were screened, 438 (81%) were eligible for participation in the study, and 407 (93%) of the eligible infants had families who consented to participate in the study. 30 Among infants whose families consented, 293 (72%) had scores for the BSID-II Mental Developmental Index (MDI) at 12 and 36 months (discussed subsequently) and were included in the current analyses.
Intervention Conditions
Participants and parent trainers in both conditions were masked to the objectives and hypotheses of the study. Both interventions were delivered using a biweekly schedule of home visits, starting before age 1 month and ending at 36 months of age.
EDI
A home-based, parent-implemented EDI model was the active intervention (detailed in Wallander et al 23 ) . Following the Partners for Learning 34 curriculum, parent trainers introduced playful interactive learning activities and modeled them for the parents during home visits. This curriculum covers (1) cognitive and fine motor, (2) social and self-help, (3) gross motor, and (4) language skills. During each home visit, the trainer presented 1 or 2 learning activities, and each activity targeted a developmentally appropriate skill. The parent practiced the activity in the presence of the trainer, who provided feedback. Cards depicting the activities were then left with the parent, who was encouraged to apply the activities in daily life with the child until the next home visit. The trainer introduced new activities in subsequent visits to enhance the child's developmental competencies. The trainers were supervised during weekly group meetings and observations during home visits. Of all possible home visits during the study, home visit completion rates for the intervention group by site were as follows: India (92.2%), Pakistan (80.9%), and Zambia (82.8%). Further information on the intervention dose (eg, home visits, intervention adherence) for BRAIN is available in Wallander and colleagues. 35 
Control Intervention
Parents in both trial conditions received health education during every home visit, but this was the sole content of the control intervention. Implemented separately by EDI and control trainers, health education was based on a World Health Organization 36 curriculum that addressed, for example, breastfeeding, nutrition, hygiene, and vaccinations.
Measures
Data were collected on demographic characteristics of the mother (age, education, marital status, education, parity, prenatal care) and child (gender), birth-related factors (vaginal vertex delivery, location, birth attendant, birth weight, gestational age, 1-and 5-minute Apgar scores), and whether the child had to be resuscitated in the delivery room.
Family Resources
A Family Resources Index was calculated on the basis of family assets and living standards, as shown in Table 1 . Possible scores range from 0 to 20, and higher values indicate greater resources; for descriptive purposes, scores were classified into low versus high resources based on a median split (<8 vs ≥8). Cronbach's α for the measure was high with a value of 0.79, indicating good internal consistency. Table 1 depicts the difference in assets and living standards between families with high and low family resources.
Cognitive Development
The primary outcome for the EDI was cognitive development, measured by the BSID-II MDI. The MDI is a standardized score with a mean of 100 and SD of 15. The BSID-II was used in this study because of its wellestablished reliability and validity and its previous extensive use in low-to middle-resource countries. 37 As outlined in Biasini and colleagues, 38 the BSID-II was pretested in each of the sites participating in BRAIN (India, Pakistan, and Zambia), and minor modifications were made to a few items to make them more culturally appropriate. For example, a picture of a sandal rather than shoe was used. Assessments were completed at 12, 24, and 36 months of corrected age in the local language. Evaluators from the 3 sites jointly received training on the BSID-II in 4-day workshops during which they practiced administering the instrument until adequate reliability was achieved. Each workshop was held before commencing the yearly assessments. Evaluators were fluent in the local language, familiar with the culture, and masked to the participant's resuscitation history or treatment assignment. If an evaluation could not be completed because of acute illness or uncharacteristic behavioral problems, the assessment was rescheduled when possible.
Statistical Analyses
Analyses were conducted using an intent-to-treat approach. Descriptive statistics were computed for maternal and infant characteristics.
Frequencies and percentages were reported for categorical variables and means and standard deviations for continuous variables.
Generalized estimating equation models were conducted to compare trajectories of MDI scores from the 12-, 24-, and 36-month assessments by high versus low family resources and intervention group, while accounting for repeated measurements and clustering of children by site. We began by fitting a model testing a 2-way interaction between age and intervention group to determine whether children in the EDI group had different trajectories of MDI scores over time than those in the control group. We then tested a 3-way interaction (age × intervention × family resources) to determine whether the impact of the intervention on the trajectories of MDI scores varied depending on family resources. Both models included site; intervention group; family resources; resuscitation status; and the maternal, child, and birth characteristic listed in Table 2 . The analyses included children with 36-month MDI scores. However, as a sensitivity check, the regression models were rerun adding in children with missing 36-month scores to determine whether results are consistent. All analyses were conducted in SAS version 9.4.
RESULTS
Average maternal age among study participants was 25.4 years with a little over half having no formal education ( Table 2 ). The majority of mothers were married, had received prenatal care, and had a vaginal vertex delivery. Mean (95% confidence interval) overall family resource index scores were 4.94 (4.70-5.18) for low-resource families and 11.98 (11.48-12.53) for high-resource families (P < .001). Families with low resources were more likely to be from Zambia, have no formal education, be married, have not received prenatal care, have delivered at home, and have had a traditional birth attendant ( Table 2) .
Confirming results of a previous BRAIN-HIT evaluation, 31 when controlling for site; intervention; and the other maternal, child, and birth characteristics, children in the EDI and control groups displayed significantly different trajectories of MDI scores from 12 to 36 months (Wald χ 2 [1] = 9.56, P = .002; Table 3 , Model 1). Pursuant to the aim of the current study, in the model including family resources as a moderator of this intervention-by-age interaction effect, the 3-way interaction among age, intervention, and family resources was statistically significant (Wald χ 2 [1] = 9.41, P = .002; Table 3 , Model 2). This finding is consistent if participants missing 36-month scores are also included (Wald χ 2 [1] = 10.25, P = .001).
As shown in Fig 1, trajectories of MDI scores varied by family resources. In families with high resources, as defined here (see Table 1 ), both the intervention and control groups had significant increases in MDI scores over time (P < .001 and P = .002, respectively), and 36-month MDI scores for these 2 groups did not differ significantly (adjusted means: 102.5 vs 101.5; P = .602). However, in families with low resources, the EDI group displayed greater improvement, resulting in significantly higher 36-month MDI scores than the control group 4 N = 292. All models adjusted for site, resuscitation status, and all maternal, child, and birth characteristics noted in Table  2 , none of which contributed signifi cantly in the models.
by guest on March 17, 2016 Downloaded from in both models to account for the possible impact of birth asphyxia on MDI scores. Resuscitation status did not have a significant impact on MDI scores in either model: Model 1 (P = .178) and Model 2 (P = .233). In the addition, the 3-way interaction among age, intervention, and family resources remains significant when the resuscitated group is removed (Wald χ 2 [1] = 12.06, P < .001).
DISCUSSION
Results indicate that a homebased EDI during the first 3 years of life can substantially decrease the developmental gap between children from families with lower versus higher resources, even among children in low-to middle-resource countries and who experience asphyxia at birth. Whereas children of low-resource families who did not receive the EDI experienced a widening gap in cognitive development over time than those in high-resource families, children of low-resource families who received 36 months of EDI reached similar levels of cognitive development as those in high-resource families. Although already behind in development at 12 months, children in low-resource families appeared to catch up in cognitive development to become indistinguishable from those in high-resource families after 2 additional years of receiving EDI. This is a noteworthy achievement given the challenges a low-resource family environment poses for children's development, especially in developing countries, 25 which EDI appears to overcome.
Consistent with expectations, children from low-resource families not receiving EDI maintained a relatively flat developmental trajectory from 12 to 36 months, obtaining an MDI ∼0.5 SD below that of children in high-resource families who also did not receive EDI. In contrast, for children in highresource families, EDI did not make a difference on cognitive development.
Children from high-resource families in the control condition still reached a cognitive development at 36 months of age that was not different from children from the same background receiving EDI. It is possible that parents in these families are already engaging their children in stimulating interactions and providing a rich environment, so additional training and prompts do not have an additional impact on their children's development. For example, more highly educated mothers in the United States talk more, ask more questions, and use fewer directives than less educated mothers, 3, 39 and at least 1 study indicates that a similar pattern exists in low-resource countries. 40 We are not aware of studies that examined the differential impact of EDI for children in low-versus high-resource families. Numerous studies in low-resource countries have reported beneficial effects from EDI on the cognitive development of children in low socioeconomic families as well as those with biological risks (see reviews by Aboud and Yousafzai 24 ; Walker et al 26 ), but none have examined the moderating effect of family resources on developmental outcomes when children are exposed to EDI. If replicated, the present findings suggest that EDI should target primarily children from low-resource families, which may result in a decrease in the developmental gap otherwise expected between children in low-versus high-resource families.
Limitations include that the independent variable of interest, family resources, was not experimentally manipulated. Thus, the primary findings here are from an observational study. In addition, children were evaluated across the first 3 years when neurodevelopmental assessments may be less predictive of long-term outcomes than at later ages. It is conceivable that larger benefits will 6
FIGURE 1
Model-adjusted mean BSID-II MDI scores by family resources and intervention. Means are adjusted for intervention, adjusted age, family resources, site, gender, maternal age, education, marital status, prenatal care, primiparous, vaginal vertex delivery, gestational age, birth weight, birth attendant, location of birth, 1-and 5-minute Apgar scores, resuscitation, and age × intervention, age × family resources, intervention × family resources, age × intervention × family resources interactions.
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CONCLUSIONS
EDI may be beneficial in reducing the intergenerational transmission of poverty in low-and middleresource countries. Early cognitive development predicts later school outcomes. Nationally representative studies from many countries show associations between family resources and children's school enrollment and dropout, grades attained, and educational achievement. 25 Children who achieve poorly in school are more likely to have low incomes in adulthood and difficulty providing for their own children, 41 resulting in reduced developmental outcomes in the next generation. Much evidence accumulated to date suggests that EDI should be one of the approaches used to improve early development in low-and middle-income countries. the study and critically reviewed the manuscript; Dr McClure participated in the design of the study and data collection instruments, managed data collection, and reviewed the manuscript; Dr Carlo, as principal investigator, conceptualized and designed the overall study and provided critical review and revisions of the manuscript; and all authors approved the fi nal manuscript as submitted.
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